Conditions are described for the production of large amounts of an extracellular elastolytic protease by Vibrio vulnificus. The yield of enzyme was maximal during the late exponential growth phase and was stable during the stationary growth phase in a medium composed of 2% Proteose Peptone and 1.5% NaCl. The protease has a molecular weight of ca. 50,500 (estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis), an isoelectric point of ca. 5.8, and a pH optimum range against azocasein and elastin of pH 7 to 8. The caseinolytic and elastase activities in protease preparations partially purified by ammonium sulfate precipitation were inseparable by gel filtration, hydrophobic interaction chromatography, and isoelectric focusing. Both activities were deleteriously affected by heat, low pH, heavy-metal ions, chelating agents, reducing agents, sodium cyanide, N-bromosuccinimide, ox-2-macroglobulin, and phosphoramidon, but were unaffected by various trypsin inhibitors, chymostatin, aprotinin, leupeptin, pepstatin A, phenylmethylsulfonyl fluoride, and N-ethylmaleimide.
prepared as previously described for V. vulnificus E4125 and A1402 (11) , except that sheep blood was omitted from the Columbia agar plates.
Assays. Protease activity against azocasein was determined as previously described for the Pseudomonas aeruginosa elastolytic protease (13) . Elastase activity usually was estimated by the plate diffusion procedure of Schumacher * Corresponding author.
and Schill (22) , except 0.033 M Tris hydrochloride buffer (pH 7.5) was used instead of 0.2 M Tris hydrochloride buffer (pH 8.8). Briefly, portions (10 ,ul) of the preparations to be assayed were placed into wells (4-mm diameter) cut in 14 ml of 1% agarose (Bio-Rad Laboratories, Richmond, Calif.) containing 0.08% (wt/vol) elastin (Sigma Chemical Co., St. Louis, Mo.) on glass plates (8.4 by 9.4 cm), the plates were incubated at 37°C for 3 h, and the clear zones that developed around the wells were measured. A standard curve constructed by plotting the square of the clear-zone diameter versus units of porcine pancreatic elastase (Sigma) was used to estimate the units of V. vulnificus elastase activity per milliliter. Elastase activity in the determination of pH optimum and in enzyme inactivation studies was assayed against elastin-Congo red (Sigma) by a modification of the method of Sachar et al. (20) . Reaction mixtures consisting of elastinCongo red suspension (20 mg in 1 ml of water), 1 ml of 0.1 M Tris hydrochloride buffer (pH 7.5), and 1 ml of enzyme preparation in 50-ml flasks were incubated for 1 h at 37°C with gyratory agitation (100 cycles per min). Phosphate buffer (0.7 M, pH 6; 2 ml) was added to each flask, and the A495 of the supernatant fluids obtained by centrifugation of the reaction mixtures was determined.
The protease preparation obtained by ammonium sulfate precipitation was assayed for protein by the method of Bradford (4) , with bovine gamma globulin as the standard. The standard and the assay reagent were obtained from Bio-Rad Laboratories.
Protease production. The ability of V. vulnificus ATCC 29307 to produce extracellular protease in various basal media was examined by inoculation of 5 ml of medium in 50-ml flasks with 8 to 10 ,ul of a seed culture suspension (0.25 units of optical density at 650 nm [OD650]; ca. 2.5 x 108 CFU) and assay of the culture supernatant fluids after the cultures were incubated for 24 h at 30°C on a gyratory shaker operating at 220 cycles per min. The effects of Na+ ion concentration, peptone concentration, initial pH of the medium, incubation temperature, and supplementation of the medium with carbohydrates, buffers, and metal ions on Gel ifitration. A sample (3 ml) of the protease preparation obtained by ammonium sulfate precipitation was applied to a water-cooled (5°C) column (2.6 by 95 cm) of Sephadex G-100 (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) equilibrated with 0.1 M AB and was eluted at a flow rate of 20 ml/h (ca. 3.8 ml/cm2 per h) with the equilibrating buffer. The fractions (ca. 5 ml) were assayed for A280 and for caseinolytic and elastase activities. The protease peak fractions (ca. 12 fractions) were pooled and lyophilized.
Hydrophobic interaction chromatography. A sample (3 ml) of the protease preparation obtained by ammonium sulfate precipitation was applied to a water-cooled (5°C) column (1.6 by 15 cm) of phenyl Sepharose CL-4B (Pharmacia) equiiibrated with 0.1 M AB. The column was washed (ca. 50 ml/h; 5-ml fractions were collected) with ca. 7 bed volumes (210 ml) of 10% ethylene glycol in 0.1 M AB, and the protease was eluted by washing the column (30 to 40 ml/h; 3-to 4-ml fractions were collected) with ca. 5 bed volumes of 30% ethylene glycol in 0.1 M AB. After elution of the enzyme, the column was washed (ca. 20 ml/h; 5-ml fractions were collected) with 50% ethylene glycol in 2 mM glycine-NaOH buffer (pH 9.8). The fractions were assayed for A280 and for caseinolytic and elastase activities. Five protease peak fractions (ca. 18 ml) were pooled.
Isoelectric focusing. Protease preparations obtained by sequential ammonium sulfate precipitation and gel filtration were fractionated by preparative high-speed electrofocusing (29) in pH 3.5 to 10 and pH 5 to 7 sucrose density gradients formed at 15 W for 18 h with an LKB 8100-1 column (LKB Instruments, Inc., Gaithersburg, Md.). The pH of each fraction (4 ml) was determined at 4°C, and the fractions were assayed for caseinolytic and elastase activities.
Triplicate samples of the pool obtained by hydrophobic interaction chromatography were examined by analytical thin-layer isoelectric focusing in a polyacrylamide gel with the LKB 2117 Multiphor electrophoresis apparatus and commercial PAG plates (pH 3.5 to 9.5) as recommended by the manufacturer. Previously described isoelectric point standards (8) were obtained from Pharmacia. After electrophoresis, the gel was divided into three parts. One part of the gel was stained with Coomassie brilliant blue R-250, and the other two parts were soaked in 0.4 M Tris hydrochloride buffer (pH 7.5) for 5 min and examined by a protease zymogram technique with an overlay of 1% soluble casein in agarose (16) and an overlay of 0.08% elastin in agarose (the same as that used for the plate diffusion assay for elastase). Caseinolytic and elastase activities were detected after the gels were incubated at 37°C for ca. 1 and 3 h, respectively.
Molecular weight estimation by SDS-PAGE. The Coomassie blue-staining band corresponding to caseinolytic and elastase activities in PAG plates was excised, and acetic acid and ethanol were removed and the gel was incubated in disruption buffer as described by Gardi and Lungarella (7). The gel was then examined by slab sodium dodecyl sulfate (SDS)-polyacrylamide gradient gel electrophoresis (PAGE) by a modification (8) of the Laemmli method (15) . The molecular weight of the denatured and reduced protease was estimated by the relative mobility method of Weber et al. (27) .
Determination of pH optimum. Samples (0.2 U of caseinolytic activity in 100 ,ul and 4 U of elastase activity in 1 ml) of the protease preparation obtained by ammonium sulfate precipitation were added to assay mixtures containing either azocasein substrate solution (0.5 ml) or elastinCongo red suspension (1 ml) and 1 Growth and protease production by V. vulnificus ATCC 29307. Two-liter Erlenmeyer flasks containing 150 ml of broth (2% Proteose Peptone and 1.5% sodium chloride) were inoculated with a seed culture suspension (7.5 OD650 units; ca. 7.5 x 10' CFU) and incubated at 30 and 37°C on a gyratory shaker operating at 220 cycles per min. Growth was followed turbidimetrically (1-cm light path) with a model DB-GT spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.), and the culture supernatant fluids were obtained by centrifugation and assayed for protease activity against azocasein.
U of caseinolytic activity per ml, and the diluted preparations were assayed for residual caseinolytic and elastase activities after storage at 4°C for 24 h.
The effects of heat (4, 25, 37, 56, and 100°C for 30 min), metal ions, and enzyme inhibitors on the caseinolytic activity in preparations obtained by ammonium sulfate precipitation were examined as previously described for a Serratia marcescens metalloprotease (16) . The effects of heat, metal ions, and inhibitors on elastase activity were examined by incubating ca. 4 U of elastase in 2 ml of 0.05 M Tris hydrochloride buffer (pH 7.5) at the above-mentioned temperatures for 30 min and with the reagents at 25°C for 30 min, and assaying for residual activity against elastin-Congo red.
RESULTS AND DISCUSSION Protease production. Of the 23 basal media tested (Table  1) , Proteose Peptone broth, heart infusion broth, and heart infusion diffusate broth were optimal for extracellular protease yield by V. vulnificus ATCC 29307 (data not shown). Proteose Peptone broth was selected for further examination of the variables affecting protease yield because it contains less high-molecular-weight contaminants than heart infusion broth and is less expensive and simpler to prepare than heart infusion diffusate broth. Maximal amounts of extracellular caseinolytic activity (35 to 40 U/ml) were obtained from Proteose Peptone broth cultures (2% Proteose Peptone and 1.5% NaCl, pH 6.8; 150 ml) incubated with vigorous agitation at 30°C for 10 to 24 h (late exponential to stationary growth phase; Fig. 1 ). The amount of extracellular protease activity obtained from V. vulnificus grown under these conditions is two-to ninefold more than that previously obtained with strongly proteolytic isolates of P. aeruginosa and S. marcescens (13, 16 phoramidon also is known to inhibit the P. aeruginosa elastase (18) . Trypsin inhibitors and serine-protease and thiol-protease inhibitors (phenylmethylsulfonyl fluoride [PMSF] and N-ethylmaleimide, respectively), did not affect either activity. The pH optimum range for both activities was pH 7 to 8. The caseinolytic and elastase activities in the protease vulnificus ATCC 29307 by ammonium sulfate precipitation. Fractions were assayed for caseinolytic and elastase activities and for A280. EG, Ethylene glycol.
ing in broad and shallow pH gradients, and the enzyme had an isoelectric point (pl) of ca. 5.8 (Fig. 4) . 
